Background: Following stroke, clinicians are challenged to detect and untangle symptoms of cognitive dysfunction and mood disorders. Additionally, they need to evaluate the informative value of self-reports to identify patients in need of further attendance. Aims: To examine the association between neuropsychological measures, symptoms of depression, and self-reported cognitive function. Methods: One-hundred and five chronic stroke patients underwent assessment covering 6 cognitive domains and answered the Hospital Anxiety and Depression Scale and the Memory and Thinking Scale from the Stroke Impact Scale 1 year after stroke. Age and gender difference in cognitive impairment were examined; linear regression was used to predict depression scores. Sensitivity and specificity analyses were used to validate selfreported functioning against performance on cognitive tests. Results: Cognitive impairment was observed in 60% of the patients in at least 1 cognitive domain. Cognitive performance was associated with symptoms of depression as well as with self-reported cognitive function. The final analyses revealed low sensitivity and specificity for the Memory and Thinking subscale from the Stroke Impact Scale. Conclusion: Cognitive impairment occurs frequently even in patients in a chronic phase after stroke and predicts symptoms of depression. Using the Stroke Impact Scale, clinicians should be aware of low sensitivity of self-reported cognitive function. normal range. Since best sensitivity and specificity (sensitivity: 0.72 and 0.78 and specificity 0.86 and 0.74 for depression and anxiety, respectively) have been shown using subscale scores >7. This was applied to our data to indicate depression/anxiety [40] .
Introduction
Stroke is the second leading cause of death and a common cause of physical and cognitive disability in patients in the developed countries [1, 2] . The importance of stroke management after discharge is increasingly recognized to be able to reduce the burden of stroke and to ensure independence. Clinicians are challenged to appraise those patients needing attendance, in particular when considering that the population above the age of 65 years is the fastest growing group in western countries [3] , and age is a major risk factor for stroke and consequent dementia [4] .
Cognitive impairment emerging after stroke is an increasingly recognized factor for longterm disability. The prevalence of cognitive impairment varies across studies, depending on assessment methods, definitions, or sample characteristics. Frequently, screening instruments like the Mini-Mental State Examination (MMSE) [5] or the Montreal Cognitive Assessment (MoCa) [6] are applied even though they seem unsuitable to identify subtle or specific cognitive deficits [7] . Neuropsychological assessment reveals that deficits in executive functioning, attention, mental processing speed, visual perception, and construction ability are common ailments both in subacute and chronic patients [8] [9] [10] [11] [12] .
The risk of proceeding cognitive decline and dementia after stroke is often stated. Yet, several authors have stressed the multiple evolutionary trends in cognitive changes in chronic stroke patients [12] [13] [14] . They found an annual conversion to dementia in 8-13% within the first year after stroke. Furthermore, the findings indicated that a large proportion of patients (50%) demonstrated improvement in cognitive functioning [14] or stable impairment (78%) [13] . Two recent longitudinal studies demonstrated that stroke increases the risk of persistent and cognitive decline in particular in executive functioning [15, 16] . One time-varying factor that may influence cognitive performance over time is the level of depressive symptoms.
Poststroke depression (PSD) is reported to occur with prevalence rates between 5 and 64%, with this variation depending on study population, time of assessment after stroke, and assessment instruments [17, 18] . PSD is known to be related to mortality, reduced functional outcome, and quality of life [19] [20] [21] , and may be linked to several factors and psychological mechanisms. With regard to demographic variables and their association with depression in stroke patients, there seems to be no clear pattern. Most studies seem to reveal that higher age is not associated with depression in stroke, yet not all could support these findings [20, 22] . Additionally, and in some contrast to the general population, female stroke patients do not seem more affected by depression than males [17] . PSD has been found to be related to cognitive impairment such as attention, memory, visual perception and construction, and language [23, 24] . Yet, the direction whether cognitive impairment leads to depression or whether PSD leads to impairment is still being debated [25, 26] .
In clinical settings, self-reports on cognitive function are common in stroke management, and it has been shown that patients frequently report reduced mental tempo, memory deficits, and difficulties with concentration [27, 28] . However, it has not always been possible to confirm these complaints with empirical data [29] . Subjective cognitive complaints (SCC) have rather been shown to be associated with factors such as satisfaction with the social network, self-reported emotional difficulties, and symptoms of depression and neuroticism scores [27, [30] [31] [32] . Van Rijsbergen et al. [29] concluded in their review the frequent occurrence of SCC after stroke. Even though they could not determine a clear pattern relating SCC to objective cognitive performance or depressive symptoms, they stressed that patients with SCC should be monitored by clinicians as this may be indicative for cognitive decline.
The Stroke Impact Scale (SIS) was developed to take patients' and caregivers' perspective of impact of stroke on health and functional status into account. It includes a separate scale on memory function and thinking. So far, few studies have combined cognitive performance measures and self-reported functioning on the SIS subscale on memory and thinking (mtSIS).
The aim of the current study was to determine cognitive functioning in chronic stroke patients using comprehensive neuropsychological assessment. We also wanted to examine the association between objective cognitive performance and depression before analyzing the association between self-reported and objectively assessed cognitive function.
Methods and Materials

Patients
The patients were prospectively recruited between 2008 and 2011 at the Department of Neurology at the Haukeland University Hospital, Norway. All stroke patients coming to the unit in the relevant period were considered for inclusion, and all patients who were considered relevant were invited in person to participate by the treating neurologist. Inclusion criteria comprised that patients were home-dwelling at the time of admission, had verification of stroke by magnet resonance imaging (MRI) or computer tomography (CT), and had a National Institutes of Health Stroke Scale (NIHSS) [33] score between 2 and 26 (higher scores indicating poorer function). Patients with an NIHSS score <2 were included if they had a score ≥2 on the modified Rankin Scale, a scale used to assess the level of dependence of daily activities (higher scores indicating more disabilities). Exclusion criteria were severe psychiatric disorder, alcohol or substance abuse, serious conditions interfering with the subsequent rehabilitation process, and insufficient knowledge of the Norwegian language (prestroke). At the initial hospital admission, patients had a comprehensive neurological examination to establish a diagnosis of stroke, clinical syndrome, pathological, and etiological subtype of stroke and neurological deficits, as assessed by the NIHSS, and MRI or CT. They had to be awake, and informed consent to participate in the project was obtained. If the patient was not capable of giving his or her consent, it could be given by a next of kin. There was no age limit. Three-hundred and twenty-two patients were originally registered. The project was approved by the Regional Committee for Research Ethics of Western Norway. The study was performed according to the Declaration of Helsinki on guidelines for biomedical research involving human subjects.
One year after initial admission, the by then all discharged patients were invited to return for a comprehensive neuropsychological assessment including a battery of cognitive tests and questionnaires. In total, n = 143 patients returned for cognitive assessment.
Of these, n = 13 were unable or did not wish to complete the neuropsychological assessment due to fatigue or global deficits, and n = 25 were excluded due to aphasia. This left a sample of n = 105 eligible for the current study (n = 98 with cerebral infarction, n = 7 with cerebral hemorrhage). Clinical characteristics registered during admission are presented in Tables 1 and 2 .
Assessment of Cognitive Function
To assess different aspects of cognitive functioning, each participant was tested in an approximately 3-hour session. The tests were administered and scored by well-trained test technicians or psychologists. The MMSE [5] , a 30-point questionnaire, was included as a screening instrument on global cognitive function. Frequently, a cutoff of <24 is used to define cognitive impairment [7] . Yet, knowing about the challenges to detect subtle deficits, we used a cutoff of <26 to define mild or more extensive cognitive deficits.
Since several of the neuropsychological tests provide several test conditions and subscores, these were combined according to standard clinical practice and manuals in order to define 6 cognitive domains. Verbal memory was assessed with the California Verbal Learning Test (CVLT II) [34] . The subscores combined for the verbal memory domain were performance scores on total learning, short delay free recall, and long delay free recall. Executive functioning was assessed with the Trail Making Tests (TMT) and the Color Word Interference Test (CWIT; both from the Delis-Kaplan Executive Function System, D-KEFS) [35] . The performance scores combined for this domain were condition 4 from the TMT (Number- Letter Switching) and conditions 3 and 4 from the CWIT (Inhibition and Inhibition/Switching). Language production was assessed with the Verbal Fluency Tests (D-KEFS) including the performance scores from conditions 1 and 2 (Letter and Category Fluency, respectively). Processing speed included performance scores from the Digit Symbol Test (Wechsler Adult Intelligence Scale IV) [36] , conditions 2 and 3 from the TMT (Number Sequencing and Letter Sequencing, respectively), and condition 1 from the CWIT (Color Naming). Two domains were assessed with one task: visual memory was assessed with the Rey Complex Figure Test (RCFT) [37] and solely the long delay recall score was included for this domain. Visuoconstructive ability was assessed with the copy subtest from the RCFT [37] . Neuropsychological examination was considered feasible when a patient was able to carry out at least 7 of the 15 subtests. Cronbach's α was calculated to examine the internal consistency for the cognitive domain scores except for abstract reasoning and visual memory since these domains were only assessed with one task. The analyses revealed that Cronbach's α varied between 0.78 and 0.93, indicating acceptable levels of reliability.
Due to large age range in the sample (30-95 years) and well-known evidence for agerelated differences on cognitive performance score, raw scores of all individual neuropsychological tests were converted into standardized scores (mean = 50, SD = 10) according to agecorrected original normative data from test manuals (as referenced in parentheses) for each test. Standardized scores for the verbal memory test also took gender into account. Table 3 gives an overview over cognitive domains and corresponding subtests as well as references for manuals for normative data.
For analyses, cognitive impairment was defined as a performance of at least -1.5 SD for each domain based on the reference distribution of the normative sample. This cutoff is frequently chosen in aging studies and derived from findings on mild cognitive impairment, a risk factor for dementia [38, 39] . Mild cognitive impairment is defined as lower performance in one or more cognitive domains as would be expected for the patient's age. Patients with mild cognitive impairment frequently demonstrate problems performing complex functional tasks, need more time, are less efficient, and make more errors. They may, however, still maintain their independence of function in daily life. Table 4 demonstrates performance of the sample on individual cognitive tests.
Emotional Functioning
The Hospital Anxiety and Depression Scale (HADS) [40] was included to assess depression and anxiety. The patient has to answer seven items for each subscale on a 4-point response scale (0-3), with possible scores ranging from 0 to 21. The HADS has been validated in stroke patients [41] . Scores ranging from 0 to 7 for either subscale are regarded as being within the 
Stroke Impairment Scale
The SIS (version 3) was developed to take the patients' and caregivers' perspective of impact of stroke on health and functional status into account [42, 43] . The SIS includes 59 items on 8 subscales including strength, hand function, basic and instrumental activities of daily living, mobility and communication, emotion, memory and thinking, and participation. For this study, the mtSIS, comprising seven items, was used to assess self-reported cognitive function. Four items address memory function (e.g., "In the past week how difficult was it for you to remember things that people just told you?"). Concentration, mental processing speed, and problem solving are addressed with one item each. Items are scored on a 5-point scale (1 = extremely difficult, 5 = not difficult at all). Raw scores are transformed according to the manual and a score of 100 indicates no self-reported cognitive impairment.
Statistics
Descriptive statistics were used to describe the sample characteristics. In a first step, we examined differences on baseline characteristics between patients returning for assessment and those not returning using χ 2 tests for categorical variables and t tests for numerical variables. The frequency of cognitive impairment in each of the 6 cognitive domains was calculated. Since the cognitive impairment seems crucial in aging individuals due to the risk of further decline, the proportion of patients with and without impairment was compared between age groups below 65 and ≥65 years. This cutoff was based on the literature indicating that cognitive decline increases at about the age of 65 years [44] .
Pearson correlations were used to examine the relationship between cognitive measures and symptoms of depression and anxiety. A linear regression was run to determine if demographic (gender, age) and cognitive measures predicted depression. In a final step, Pearson correlations were used to examine the relationship between cognitive measures and selfreported cognitive function on the SIS subscale before running logistic regression models to examine the predictive value of self-reported cognitive function (according to the mtSIS) for cognitive measures. For the last, cognitive domain variables were coded dichotomous, i.e., as being within the normal range versus being impaired (1.5 SD below normative data). Reporting cognitive problems or not, i.e., an mtSIS score of 100 (no reported impairment) was included as a covariate. Sensitivity (the instruments' ability to correctly detect patients who do have a specific condition, i.e., cognitive impairment) and specificity (the instruments' ability to detect patients without a condition), positive predictive values (probability that patients with a positive test truly have an impairment), and the area under the receiving operating characteristic curve (AUC) of the mtSIS were calculated for each of the cognitive performance measures. For all analyses, p values <0.05 are reported and considered statistically significant. No formal adjustment for multiple comparisons is carried out due to the exploratory nature of the analyses.
Results
Demographic Characteristics for Returning and Not Returning Patients
Upon admission, n = 322 patients were registered. The average age for the total sample was 71.5 years (SD 14.4); 55% of the patients were male. Eighty-nine percent had an ischemic and 11% a hemorrhagic stroke. Of the originally registered patients, 44% returned after 1
year. Of these n = 143, n = 105 were available for neuropsychological assessment ( Table 1) . Patients not returning were significantly older compared to those who underwent neuropsychological assessment and who were included in this study (years of age of study sample vs. not returning patients: mean 67.5 years [SD 12.5] vs. mean 75.7 years [SD 13.8]; p < 0.001), had a higher NIHSS upon admission (NIHSS study sample vs. not returning patients: mean 4.9 [SD 4.6] vs. mean 6.4 [SD 5.5]; p < 0.001), indicating a lower function in the patients not returning, and had significantly more often peripheral artery disease (study sample vs. not returning patients 12.5% vs. 8.9%, p < 0.001). None of the other registered variables showed significant differences (see Table 1 for characteristics of the total sample, returning and not returning patients).
Cognitive Performance
There was some variation in the number of patients who completed individual tests since some patients indicated increasing fatigue, discontinued assessment, or had motor deficits ( Table 3) . Of the 105 patients assessed, 58% revealed cognitive impairment ( Fig. 1 ) reaching from isolated impairment in 1 domain (29%) to impairment in all 6 domains (2%). Cognitive deficits for the domain of executive functioning occurred significantly more frequently in older patients (χ 2 = 8.89, p = 0.003). Only individuals in the age group ≥65 years showed impairment for the MMSE and the verbal memory domain. There were no gender differences for cognitive impairment. Based on the neuropsychological assessment, the highest proportion of impairment was found with measures of visual memory, executive function, and processing speed.
Emotional Functioning
Eighty-eight patients answered the HADS. Average scores for both anxiety (mean = 3.2, SD 3.3) and depression (mean = 3.1, SD 3.2) scales did not indicate considerable emotional symptoms on a group level. Further analyses indicated that 12 (13.6%) patients reported elevated scores (>7) on the anxiety scale and 11 (12.5%) on the depression scale. Neither age, nor gender, nor MMSE was significantly correlated with either depression or anxiety. With regard to cognitive measures, there were significant correlations between depression scores and executive functioning, processing speed, and language production (r = -0.31, r = -0.36, r = -0.37; all p ≤ 0.001). A hierarchical regression analysis, including demographic variables (age, gender) and performance scores on the cognitive domains that were significantly correlated with symptoms of depression, revealed that age and gender were no significant predictors for depression. Including cognitive domain scores in addition to demographic variables into the model increased R 2 from 2 to 18% (p = 0.008). Additional analyses revealed that language production contributed most to model prediction ( Table 5 ). The Variance Inflation Factor (VIF) was close to 1, indicating that collinearity was not a problem for this model.
Association between Neuropsychological Performance and Self-Reported Function
In total, 88 patients answered the SIS. The median for the mtSIS was 93.75, indicating that a considerable number of patients in this sample hardly reported any problems. Thirty-two patients (36%) reported that they had not experienced any cognitive problems at all during the past week. Gender analyses indicated a significant difference in that women reported more problems compared to men (t = 2.20; p = 0.0340). There were significant correlations between the mtSIS and verbal memory (r = 0.26, p = 0.017), executive functioning (r = 0.27, p = 0.010), and language production (r = 0.35, p < 0.001). There was a significant negative correlation between mtSIS and the total number of impaired domains (r = -0.34, p < 0.001). The mtSIS did not correlate with HADS depression or anxiety scales.
Results of the logistic regression analyses with the cognitive measures as dependent variables are shown in Table 5 . The mtSIS was not shown to be a significant predictor in any of the models. Sensitivity and specificity were <0.5 for all cognitive domains with the highest sensitivity, specificity, and positive predictive value for the executive domain (Table 6 ). AUC was largest for the visuoconstructive ability (AUC 0.54). * p = 0.008. 
Discussion
The results revealed cognitive impairment in approximately 60% of chronic stroke patients when assessed with neuropsychological methods compared to 12% based on the MMSE. Patients aged 65 years or older demonstrated significantly more impairment in executive functioning and verbal memory compared to those aged <65 years. Symptoms of depression correlated significantly with 3 cognitive domains, and linear regression indicated a significant increase in explained variance when cognitive domains were included in the model. Lastly, we found significant correlations between the SIS memory and thinking subscale and cognitive measures. Yet, the final analyses showed that sensitivity for the SIS subscale was low for all cognitive domains with positive predictive values all well below 0.5.
In general, the results showing persistent cognitive impairment in chronic stroke patients were in accordance with earlier findings [8, 9, 11, 12] . In our sample, this meant for the majority of patients impairment in 1 (29%) or 2 domains (16%). Only 12% of these cognitively impaired patients would have been correctly classified as such when using the MMSE score alone.
The proportion of impairment found in our study was higher than in an earlier study [9] but lower than previously reported [8] . Likewise, numbers were varying with regard to the most frequently impaired domain. In our sample, the visual memory domain was most frequently impaired, while others reported impaired attention [8] or abstract reasoning [9] as the domain with the most frequent impairment. The deviating percentages of impairment and their prevalence in cognitive domains may be explained by the choice of instruments used for assessment and sample characteristics such as age, severity of stroke, or point of time of assessment.
In our sample, the severity of stroke as indicated by the rather low average NIHSS scores indicates that the majority of patients had rather a mild stroke. Moreover, the additional analyses revealed that the patients returning (compared to those not returning) had milder strokes (according to the NIHSS upon admission) and were younger. In addition, 38 of those who were assessed were either excluded due to aphasia or were unable to complete the test battery. Thus, several of these patients may have been cognitively impaired. This limits the generalizability of our findings and indicates that our estimates of cognitive impairment are an underestimate. Nevertheless, we find the results important as they indicate that even patients with rather mild strokes demonstrate persistent cognitive impairment. Furthermore, we did not set an age cutoff, although we were aware that age by itself is associated with cognitive decline. Our sample included 6 patients ≥85 years. Rerunning analyses and excluding patients above the age of 85 years did not change any of the presented results. Thus, we felt it was correct to include them as they were willing to undergo comprehensive assessment. In fact, 2 of them did not show impairment in any domains, and the oldest patient showed impairment in only 1 cognitive domain.
The choice of the Rey Complex Figure Test (RCFT) may have contributed to findings indicating a high impairment in the visual memory domain. The test requires visuomotor abilities during the copying condition (the score used to represent the visuoconstructive domain) and subsequently reproducing/memorizing a complex line drawing (visual memory domain). Thus, failure may arise from constructional disability, impaired visual or spatial memory or an interaction of both, or even other factors [45] . Through this complexity, the RCFT may therefore tap slightly different abilities than a visual memory test where items must just be remembered. Barker-Collo et al. [15] including the RCFT in a 5-year follow-up study found that visual memory scores were within 1 SD of the normative data whereas the group average copy function was clearly impaired being >2 SD below normative data. They suggest that the impaired copy score relates to executive functions which are required when copying the figure. In our patients, 19% showed impairment in the copy subtest. Of these, 63% also showed impairment in the long delayed recall subtest, whereas only 24% of those performing within the normal range in the copy subtest showed impairment in the long delay recall. Since we included only one visuoconstructive test, it is not possible to untangle whether motor deficits, executive functions, or both as suggested by Barker-Collo et al. [15] contributed to the visual memory impairment. Our data suggest, however, that patients impaired during copying were frequently also impaired in visual memory function.
The findings showing impairment in executive functioning and processing speed are in general accordance with earlier findings [9, 10, 12] . In particular, the finding that executive impairment occurred more frequently in the older age group is notable. It has been emphasized that executive dysfunction and reduced processing speed frequently occur in individuals with vascular cognitive impairment [46] who may show further cognitive decline and progression to dementia [12] . We can only speculate that this applies to some of the patients in our study. Yet, it highlights the need for longitudinal studies including comprehensive cognitive assessment in stroke patients. This importance is further stressed and extended by the results showing significant correlations between the symptoms of depression, executive function, processing speed, and language production.
The proportion of patients reporting symptoms of depression and anxiety in our study (13-14%, respectively) was considerably lower compared to those reported by Ayerbe et al. [47] (28% depression and 33% anxiety) or Kauhanen et al. [23] (42%) and more similar to those of Astrom et al. [48] (16% depression). Yet, Ayerbe et al. [47] found that cognitive impairment (based on the MMSE) predicted depression throughout a 5-year follow-up and showed that prevalence of depression even doubles in these individuals. Our regression model revealed that language production showed the strongest inverse relationship with depression. That is to say, reduced word production indicated more symptoms of depression. Despite requiring semantic knowledge and processing, these tests, in particular letter fluency, have been shown to tap a high degree of executive functioning since retrieval strategies must be initiated, given responses must be kept in mind to avoid repetitions (working memory), and semantically close words must be avoided [49] . Executive dysfunction has earlier been shown to be closely associated with activities of daily living [50] and accelerated cognitive decline [16] . The clear link between depression and executive functioning stresses the importance to follow up these patients to prevent them to end up in a vicious circle.
The final analyses showing that the mtSIS subscale correlated significantly with cognitive domains of language, executive function, and memory are new and noteworthy. To the best of our knowledge, no earlier study has combined the mtSIS with neuropsychological assessment. At first it has to be acknowledged that self-reported functioning based on the mtSIS was rather positive as indicated by a high median. This seems to be in some contrast to earlier studies demonstrating cognitive complaints in more than 50% of stroke patients [28] . Duncan et al. [43] found that items were too easy to answer and would only detect difficulties in severely impaired stroke patients. We found significant positive correlations between mtSIS and executive functioning and language production, even though 4 of the 7 questions from the mtSIS relate to memory function. This indicates that patients reporting good cognitive functioning also perform equally well. However, the sensitivity and specificity for the mtSIS regarding all cognitive domains were critically low. Although the missing empirical evidence between objective and self-reported cognitive function is not a new phenomenom, this indicates that clinicians have to be cautious using the mtSIS to identify patients with cognitive impairment. As mentioned above, our sample contained patients with rather mild strokes and the majority of patients showed impairment in 1 or 2 cognitive domains. Thus, impairment may not have been as prominent as necessary to be mentioned. In fact, we found a significant correlation between mtSIS scores and the number of impaired domains. This could imply that a certain "threshold" of impairment must be passed before it affects routine daily activities often enough to be noted and reported by the patient. Yet, the problem of sensitivity has been commented on by Duncan et al. [43] even in a more heterogeneous group of patients. In their review regarding subjective cognitive complaints, van Rijsbergen et al. [29] underlined the urgent need for further insight in poststroke complaints and their multifaceted underlying reasons.
The current study has a number of weaknesses. Besides the already mentioned shortcomings, the study had a relatively small sample size. This does not affect the primary messages of the results. However, a larger sample would have enabled us to analyze cognitive impairment based on stroke subtypes or medical factors, and the includion of more severely affected patients would have increased the generalizability of findings. We did not exclude patients with a recurrent stroke or earlier transient ischemic attack although being aware that their cognitive performance may have been influenced by these factors. As earlier indicated the sample in this study suffers from attrition bias since only 44% of the originally registered patients returned. Analyses revealed that further reference bias is possible since the study includes individuals with rather mild stroke (as indicated by the NIHSS) and individuals who are able to undergo neuropsychological assessment. Thus, patients with more severe stroke and more severe cognitive impairment and/or depression are underrepresented. Additionally, selection bias may have occurred due to the inclusion and exclusion criteria. Finally, statistically significant results need to be interpreted with caution as no multiplicity adjustment was used.
Conclusion
Cognitive impairment in chronic stroke patients occurs frequently and persistently within the first year after stroke. It is important to provide more comprehensive neuropsychological assessment besides screening measures to detect cognitive deficits as well as their interaction with depressive symptoms. The findings underline the fact that stroke patients should be monitored and that longitudinal data are required. Providing more comprehensive assessment to stroke patients enables clinicians to offer adequate treatment and to define individuals needing further attendance. Clinicians should be aware of possible impairment even though patients are not reporting them.
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